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tla 
??????? 
Stati???? ???????????? ???? ??? ?????? ??? ???????????? ?????-
?????????? ??????????? ?????????? ??? ????????? ???????? ?????????????
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izvorom 
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??????? ??? ?????? ??? ???? ????????? ??? ???? ??????? ?????
??????????? ??? ?? ??????????? ???????? ?????? ????
??????????????????????????????????????????????????????
????? ?????? ?????????????? ?????????? ??????????? ???????
???? ??????? ?????? ????????? ???????? ??? ???? ????? ??????
????? ??? ?????????? ???????????? ????? ???? ?????????
???????????????????????? ???????????????????????? ?????
fully renewable source of energy.  
????????? ????? ??? ?????? ??????? ???? ????
????????????? ???????????? ??????????? ????????? ??? ??????
??????????????????????????????????????????????????????
on ????????????????????????????????????????????????????
??????? ?????? ???? ?????????? ????????????????????? ?????
?????? ????? ???????? ??????????? ??? ???????? ??? ?????????
????? ?????? ???????? ????????? ??? ?????????
?????????????? ?????? ??? ??????????? ???????? ???
??????????? ????? ????? ???????? ?????? ????? ????????
???? ????????? ??????? ???????????? ???????? ???? ?????
??????????????????????????????????????????????????????
?????? ???? ???? ?????? ??? ????????? ?????????? ???????
???????????? ????? ???????? ??????????? ????????? ??????
?????????????????? ???????????????????????????????
?????????????????? 
2. Influence of undisturbed ground 
temperature and geothermal gradient 
??????? ???????? ??? ???????? ??? ???? ?????? ??????????
??????? ??? ???? ???????? ??????? Undisturbed ground 
???????????? could be considered to occur ??? ??????
????? annual ground ??????????????????????????????
as low as 0,1°C. Undisturbed ground temperature in 
fact ??????????? ???????????? ??? ???? ?????? ??????
???????????? ????? ?????? ?????????? ????? ???????? ????
geothermal heat flow from Earth’s crust ??????? 
????? ???????????? ????????? ??????? ????? ????? ???
??????????????????? ???????????? ?????? ??????????? ????
???????????????????????????????????????????????????????
???? ???????? ??????????? ???? ??? ??????????? ?????
???????????? ??????? ???????????? ??? ????????? ?????
good accu????? ?????? ??? ???? ???????? ?????????
????????????? ???????????????? ??? ??? ??????????? ???
???????????? ???? ????? ???????? ?????? ???????? ?????
??????????? ??? ?????????? ??????? ???????? ?????????
??????? ????????? ??????? ????? ?????? ????? ???? ??????? ???
????? ??????????? ????????????? ????? ???? ???????????
initial and boundary conditions are used (undisturbed 
??????? ????????????? ???????? ??? ????? ???????? ?????
?????? ???????? ??????????? ????????? ???? ????????????
??????????? ??? ????????? ???? ??????????????????? ????? ?????
1%. ????? ????????? ??? ???????? ???? ????? ???????????
gradient of 0,016°C/m which is common value for 
????????? ???????? ??? ????????????????? ???????? ?????
?????? ??? ??????? ??? ??????????? ????????? ??? ?????
????????? ??? ?????? ?????? ????? ?????? ??? ??????????????
???????? ??? ?????? ??? ??????? ??? ????????? ????? ??? ????
????????? ??? ???????? ???????????? ??????? ???????????
gradients in range between 0,04 - 0,07 °C/m. For 
????????? ???????? ????? ???????? ?????? ??? ???????? ???
?????????? ????? ??? ???????? ???? ???????? ????????? ???
0,055 °C/m. 
Also to include surface ???????????? ??????????? ???
????????? ??? ???????????? ???????? ??????? ????????????
???????? ???? ????????? ???? ????????? ????? ?????????
???????? ??????????? ????? ????? ????????? ??? ???
?????????? ??????????????????????????????????????????
??????? ???????????? ?????????? ??????m yearly 
amplitudes (25,1°C) in the ground temperature were 
????????????????????????????? in city of Zagreb. 
 
 
Figure 1. Geothermal gradients in the Republic of Croatia (°C/100m) 
Slika 1. Geotermalni gradijenti u Republici Hrvatskoj ????????? 
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??????????????????????? ?? ???????????????????????????????????????????????????????????????????????? ???????
?????????????????? ???????
Annual amplitudes are decreasing to 15,1°C at 
1????????????????????????????????? of ????????????
??????????, analytical solution by means of 
??????????????????????????????????????????????????????
?????????? ??? ?????????? ??? ????????? ????????? ??????
(Kurevija 2010.). ??? ?????? ???? ??? ????????? ??????
??????? ???????????? ???????????? ??? ????? ?????? ???? ???
?????????? ????? ??????????? ????????? ???????? ????
??????????????????????as described by Hillel (1982).  
??? ???????? ???? ??????????? ???????????? ??????????
??????????????????????????????????????????????????????
???? ?????? ??? ??? m ??????? ???????????? ??????????
amounts 0,1°C, and undisturbed g?????? ????????????
equals 13,1°C. ????? ????? ??? ???? ??? ???? ?????




Figure 2?? ???????????????? ??????????????????????????????????????????????????????? ???????????????????????????????????????????-1200 cm) 
for a meteo station Zagreb-Maksimir (Kurevija, 2010) 
Slika 2. ?????????????????????????????????????????????????????i ?????????????????????????????????????????? 1200 cm) ?????????????????????????
stanice Zagreb-Maksimir (Kurevija, 2010) 
 
3. Analysis of geothermal heat pump with 




 ???? ??????????? ??????? ???? ??????? ?????
???????? ??????????? ????????? ????? ??? ???????????
?????????? ???????????? ???? ??????? ??? ????????? ?????
?????????? ???? ?????????? ????? ?????????????
available software Ground Loop Design (GLD) 
?????? ????? ????? ????? ????????? ??????? ?????????? ???
????????????? ????????? ??????? ?????? ????? ??? ????????
???????????? ????? ??????? ????? ????????? ??????? - 
????????????? ???????? ???????? ??? ?????? ???? 
????????? ?????????? ??? ???? ????????? ????? ???? ????????
????????????????????????????-????????????? 
?????????????????????????? ??????????????????????
??? ????????? ????? ?????????? ??????? ???? ??????????
array grid will be discussed to determine effect of 
???????? ????rferences over long-????? ??????? ???
????????????? ???? ???????????? ??????? ???? ??????????






?????? ??? ????? ??? ????? ????? ???????????? ???????? ??????
?????????????????????????????????????????? - ????? ???
usually don????????????????????????????????-feasibility 
????????? ???? ??????? ???? ??? ?????????? ??????????
??????? ???????????? ?????? ??????? ????????????
???????? ???? ????? ?????? ??????????? ??? ??????????
surface variations in first few meters of soil and 
?????????????????????? 
?????? ?? ?????? ?????? ????? ????? ????????? ???????
??????????????????? ?????????????????????????????????
?????????????????????????????????????????????????????
??? ????? ????? ?????????? ????? ????? ????? ?????? ???
???????????????????????????????????????????????????????
i????????????????????????????????????????????????????????
???? ???? ??? ????? ????????? ????? ???? ????????? ???? ????
????? ??? ???????????? ????? ????? ?????? ??????
???????????? ?????? ?????? ????? ??????????? ??? ????
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??????????????????????? ?? ???????????????????????????????????????????????????????????????????????? ???????42 ?????????????????? ???????
 
Table 1. Building energy balance 
Tablica 1. Energetska bilanca zgrade 
Month Heating, kWh Cooling, kWh 
??????? 40 633 195 
February 25 544 311 
????? 13 288 ??? 
????? 4 003 2 499 
May 418 6 403 
???? 14 10 190 
???? 0 ?????? 
August 3 10 261 
????????? 398 4 392 
October 6343 1 284 
November 21 831  341 
December ?????? 289 
????????? 150 355 50 096 
 
????????? ?????? ??????????? ???? ?????????????????
???????????????? ??? ???? ??????? ??? ???? ????????? ???? ???
????? ????? ?????? ??? ?????? ??? ??????? ????????
conductivity was taken from own in-situ 
??????????????????????????????????????????????????
????????????????????????????????????????????- TRT 
????? ???????? ?????? ???????????? ???????? ??????
???????? ??? ????????? ?????? ??????????? ???? ???? ?????
????? ??????? ?????????????? ??????????? ????? ????
???????? ??? ????? ??????????? ????????? ??? ????????? ???
????? ?????? ???????? ??????? ????? ???????? ?????
temperature (LLT) of 40,8°C with entering load 
temperature (ELT) to the heat pump of 37,8°C. Loop 
??????????????????????????????????????????????????????





Tablica 2?????????????????????????????????i ???????????????????????????????????????????????? 
Loop solution properties -????????????- ??????????????????????? ???????? 
-????????????????-9,4°C 
-Specific heat capacity: 3,992 kJ/kg°C;  
-???????????????????3 
Polyethylene single U-pipe parameters -????????????????????????????????????????????? 
-????????resistance: 0,060 m °C/W; 
Borehole parameters -????????????? ????????????????????????????????????  
-Grout thermal conductivity: 2,13 W/m °C;  
-Borehole eq. thermal resistance: 0,121 m °C/W 
Ground properties -????????????????????????????????????????????????????? 
 ??????????????????????????????????????????? ??? 
-Mean volume-????????????????????????????? ???3°C 
-Undisturbed ground temperature: 13,1°C 
-Mean thermal conductivity: 1,72 W/m°C from TRT 
-?????????????diffusivity: 0,053 m2???? 
 
Table 3. ?????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????ent 
included in analysis 
Tablica 3. Primjer projektiranja ulaznih parametara za dizalicu ?????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????? 
Grid array 5x4 with included geothermal gradient Heating Cooling 
Source side fluid temperatures, °C ??-????????????? ???????????????????? 
Load side fluid temperatures, °C ??????????????????? ???????? 
?????????? ??????????????????????? 99,2 114,6 
???????????????????? 99,2 95,8 
?????????????????????????? 28,3 18,8 
???????????????????? 3,5 5,1 
?????????????????????????????????????? ???? 114,6 
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??????????????????????? ?? ???????????????????????????????????????????????????????????????????????? ???????
?????????????????? ???????
 
Investigations carried out in relevant literature 
??????????? ?????? ????????? ?????? ???????? ?????
????????????????????????????????????????????????????
?????? ??? ?????? ??????? ??? ?????????? ??? ?????????
???????? ??????????????????????? ???????? ???-cooling of 
???? ??????? ???? ???????? ???????? ???????????? ???
???????????? ????????? ???????????????????????????-year 
??????? ??? ???? ??? ?????? ???????? ???????????? ??? ????
?????????????????????????-????????????????????????????
???? ?????????????????????? ????? ????????? ?????????? ?????
avera??? ?????? ???????????? ??? ???? ????????? ??????? ????







Slika 3. ?????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????a 





???? ???????????? ????? ?????? ???? ????? ?????? ???????????
?????? ??????????? ?????????? ??? ?????? ????????
undisturbed ground temperature of 13,1°C for Zagreb 
????????? ???? ????? ????????? ?????????? ???????
????????????? ?????? ???? ??????????? ??? ???????????
?????????????????????????????????????????????????ation 
distances were introduced to evaluate effect of 
???????? ??????????? ??? ???? ??? ????? ????? ???? ????
??????????? ?????????? ??????? ???? ??? ????? ?????
???????????? ??????? ??? ??????????? ??????? ??? ????????
interferences of an adjacent bores. Also, it can be 
?????????? ????? ??????????? ?????????? ??? ??????????? ???




see?? ????? ????????? ?????? ????????? ???????????
????????? ??? ?????????? ??????? ???????????? ????????????
???? ????? ?????????? ??? ????? ???????? ??? ??????? ???
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??????????????????????? ?? ???????????????????????????????????????????????????????????????????????? ???????44 ?? ?? ? ?? ?? ?? ?
 
 
Figure 4. Results of ?????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????? 
Slika 4. ?????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????




















loop size, % 
Depth 










5x4 Borehole Array Grid 
4,0 2460,9 2286,3 ??? 114,3 14,15 1,05 
5,0 2301,8 2163,1 6,0 108,2 13,99 0,89 
6,0 2186,1 2069,5 5,3 103,5 13,89 ???? 
??? ?????? ?????? 4,8 100,3 13,82 ???? 
8,0 2050,9 ?????? ??? ???? ????? 0,63 
10x2 Borehole Array Grid 
4,0 ?????? 2141,4 6,1 ????? ????? ???? 
5,0 ?????? 2060,4 5,3 103,0 13,89 ???? 
6,0 ?????? 2001,8 4,8 100,1 13,81 ???? 
??? 2053,8 ?????? ??? ???? ????? 0,68 
8,0 2014,2 ?????? 4,3 96,4 ????? 0,63 
 
???????????????????????????of long-?????????????????
?????????? ???????????? ??? ???? ??? ????? ????? ??? ????? ???
?????? ???? ??? ?????? ??? ??????????? ?????? ?????? ???
?????????????????????????????????????????????????????
system, as it benefits from ‘oversized’ loop. After 30 
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Mean maximum entering solution temperatures in peak cooling mode
Mean minimum entering solution temperatures in peak heating mode
Mean entering solution temperatures in base load
??? ? ?? ? ? ???
? ?? ? ? ?? ??? ? ? ??? ? ? ??? ? ? ???? ? ? ? ?? ?? ?? ? ? ? ? ?? ? ?? ???? ?? ? ? ????
? ? ? ? ? ? ??? ? ? ? ? ? ??? ? ?? ? ? ?? ?? ? ? ? ? ? ? ?? ? ? ? ? ?? ? ??? ???
 
4. Conclusion 
Analysis ? ??? ? ? ? ?? ? ? ??
?? ? ? ? ?? ??? ? ? ? ? ? ?? ???
? ?? ? ? ?? ? ? ? ? ? ? ?? ? ? ? ??
? ?? ? ??? ??? ? ? ? ?? ? ?? ? ? ? ???
? ?? ? ? ? ? ? ? ? ?? ????? ??? ?? ??
? ?  ??? ? ? ?? ? ??? ?? ?? ??
?? ? ? ?? ?? ? ? ?? ? ?? ? ?? ? ?? ? ? ????
? ?? ????? ? ? ? ? ? ?? ???
case of Zagreb location is equal to 13,1°C, and not 
? ? ?? ?? ? ? ? ?? ? ? ? ? ???
i?? ? ???? ? ? ? ? ? ? ? ? ? ? ??????
and 103,5m per bore depth, is equal to 13,9°C loop 
?? ? ? ? ?? ?? ? ? ? ? ? ? ?? ?? ?? ????











? ? ? ???
???? ?? ?? ?? ?? ? ? ?? ???
? ? ?? ? ? ? ? ??? ? ? ? ? ? ? ??? ???
?? ? ?? ??? ? ??? ? ??? ?????
? ????? ??? ? ? ? ???
??? ?? ?? ??? ? ? ? ??? ???
? ?? ? ? ? ? ? ? ? ? ??? ????? ???
????? ? ?? ??? ????
??? ??? ? ? ? ?? ??? ? ? ???
? ? ?? ? ??? ? ? ? ? ? ? ? ?? ???
??? ?? ?? ? ? ? ? ? ? ?? ? ???
???
? ? ? ?
Figure 5. ? ?? ? ? ?? ? ??? ? ?? ? ? ? ? ? ?? ? ? ? ? ??? ?
seen in Tables 1 to 4. 
Slika 5. ? ?? ? ? ? ? ? ? ? ? ? ?? ? ? ? ? ?? ? ? g 
gradijenta (podaci u tablici 1 do 4) 
? ? ? ?
? ? ? ? ? ?
? ? ? ??? ? ?
? ? ?? ?? ? ?
??? ?
? ? ? ? ?? ? ??
? ? ? ? ? ? ? ? ?? ? ? ?
? ? ? ? ? ? ? ? ?
? ? ? ? ? ?? ? ?
? ? ? ? ?? ? ?? ? ?
? ? ? ? ? ? ? ?
? ?? ? ? ? ?? ? ?? ?
?????????????
??????????????????
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??????????? ????? ??? ????
????? ??????? ??????? ??? ??????????? ???????? ????
???????????? ??????? ???????????? ??? ???? ????? ????
???????? ??????????? ?????????? ???????????? ????
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